Pharmacology of the endothelium in ischemia-reperfusion and circulatory shock.
Endothelial dysfunction is an important early-recurring phenomenon in virtually all forms of ischemia-reperfusion, including a variety of circulatory shock states. The dysfunction appears to be triggered within 2.5 min of the endothelial generation of a large burst of superoxide radicals. However, the initial dysfunction may be amplified by neutrophil-generated factors including oxygen-derived free radicals, cytokines, proteases, and lipid mediators. Moreover, adhesive molecules on the surface of the PMN, along with their ligands on the endothelial cell membrane, appear to promote endothelial dysfunction in ways that may go beyond the adherence of neutrophils on the endothelial surface. These interactions remain to be elucidated but may involve intricate cell signaling pathways. A variety of pharmacologic agents exert endothelial protective effects in ischemia-reperfusion and circulatory shock states. Table 1 summarizes these agents and indicates the major mechanism of preservation of the endothelium. These substances can be classified into three broad categories: (a) substances replacing endogenous cytoprotective agents of endothelial origin including prostacyclin (PGI2), endothelium-derived relaxing factor (EDRF), and adenosine: the endothelium protecting agents include these substances as well as stable analogs of PGI2, and nitric oxide donors; (b) substances that inhibit pro-inflammatory mediators of endothelial origin: the pro-inflammatory agents are primarily platelet activating factor (PAF) and oxygen-derived free radicals (e.g. superoxide radicals) although other mediators may be involved. The therapeutic agents useful in this area are PAF receptor antagonists and free radical scavengers (e.g. superoxide dismutase); (c) substances that inhibit neutrophils or neutrophil-derived mediators: the major neutrophil-derived mediators are oxygen-derived free radicals, cytokines (e.g. TNF alpha and IL-1 beta), proteases (e.g. elastase), and lipid mediators (e.g. LTB4). In addition, adhesive molecules on the neutrophil surface and their endothelial ligands promote endothelial dysfunction and the action of adherent neutrophils. Agents that inhibit some of these mediators are transforming growth factor-beta (TGF-beta), elastase inhibitors, leukotriene B4 (LTB4) receptor antagonists and monoclonal antibodies to adhesive proteins (e.g. anti-CD18, anti-ICAM-1). Further work is needed to clarify these findings and to determine the physiologic and pathophysiologic interactions among these diverse agents. This topic of endothelial dysfunction represents a fertile area for further investigation to elucidate the complex mechanisms of neutrophil-endothelial interactions. These interactions lead to neutrophil adherence to the endothelium, neutrophil migration into the underlying tissues, and subsequent tissue injury (e.g. myocardial reperfusion injury).(ABSTRACT TRUNCATED AT 400 WORDS)